Abstract: This paper is concerned with the periodic solutions for a class of new Nicholson-type delay system with nonlinear density-dependent mortality terms. By using coincidence degree theory, some criteria are obtained to guarantee the existence of positive periodic solutions of the model. Moreover, an example is employed to illustrate the main results.
Introduction
In a classical study of population dynamics, the Nicholson's blowflies model N ′ (t) = −δN (t) + pN (t − τ )e −aN (t−τ ) , (
Recently, as pointed out in L. Berezansky et al. [15] , a new study indicates that a linear model of density-dependent mortality will be most accurate for populations at low densities, and marine ecologists are currently in the process of constructing new fishery models with nonlinear densitydependent mortality rates. Consequently, the dynamic behaviors of the Nicholson's blowflies model with a nonlinear density-dependent mortality term have been the object of intensive analysis by numerous authors and some of these results can be found in [16] [17] [18] . In particular, B. Liu et al. [19] established the results on the permanence for the following Nicholson-type delay system with nonlinear density-dependent mortality terms:
N ′ 1 (t) = −(a 11 (t) − b 11 (t)e −N 1 (t) ) + (a 12 (t) − b 12 (t)e −N 2 (t) )
c 1j (t)N 1 (t − τ 1j (t))e −γ 1j (t)N 1 (t−τ 1j (t)) , N ′ 2 (t) = −(a 22 (t) − b 22 (t)e −N 2 (t) ) + (a 21 (t) − b 21 (t)e −N 1 (t) )
under the admissible initial conditions
where a ij , b ij , c ik , γ ik : R 1 → (0, +∞) and τ ik : R 1 −→ [0, +∞) are all bounded continuous functions, r i = max 1≤k≤l {τ + ik }, and i, j = 1, 2, k = 1, 2, · · · , l. However, to the best of our knowledge, few authors have considered the problem for positive periodic solutions of Nicholson-type delay system (1.2). On the other hand, system (1.2) can be used to describe the dynamics for the models of Marine Protected Areas and B-cell Chronic Lymphocytic Leukemia dynamics that belong to the Nicholson-type delay differential systems with nonlinear density-dependent mortality terms (see [12] [13] [14] 19] ). Motivated by the above papers, in this present paper, the main purpose is to give the conditions to guarantee the existence of positive periodic solutions of system (1.2).
For convenience, we introduce some notations. Throughout this paper, given a bounded continuous function g defined on R 1 , let g + and g − be defined as
We also assume that a ij , b ij , c ik , γ ik : R 1 → (0, +∞) and τ ik : R 1 −→ [0, +∞) are all ω-periodic functions, and i, j = 1, 2, k = 1, 2, · · · , l.
Let R n (R n + ) the set of all (nonnegative) real vectors, n = 1, 2, we will use x = (x 1 , x 2 ) T ∈ R n to denote a column vector, in which the symbol ( ) T denotes the transpose of a vector. we let |x| denote the absolute-value vector given by |x| = (|x 1 |, |x 2 |) T and define ||x|| = max 
The remaining part of this paper is organized as follows. In the next section, some sufficient conditions for the existence of the positive periodic solutions of system (1.2) are given by using the method of coincidence degree. In Section 3, an example is given to illustrate our result obtained in the previous section.
Existence of Positive Periodic Solutions
In order to study the existence of positive periodic solutions, we first introduce the Continuation theorem as follows:
Lemma 2.1 (Mawhin's continuous theorem [20] ). Let X and Z be two Banach spaces. Suppose 
We are now in a position to state our main result. Proof. Let N (t) = (N 1 (t), N 2 (t)) T and N i (t) = e x i (t) (i = 1, 2). Then (1.2) can be rewritten as
3)
Banach spaces equipped with the supremum norm || · ||. For any x ∈ X, because of periodicity, it is easy to see that
It is easy to see that
Thus, the operator L is a Fredholm operator with index zero. Furthermore, denoting by L
It follows that
Obviously, QN and L Considering the operator equation Lx = λN x, λ ∈ (0, 1), we have
Suppose that x = (x 1 (t), x 2 (t)) T ∈ X is a solution of (2.7) for some λ ∈ (0, 1), then there exist
x i (t), and
It follows from (2.7) and (2.8) that
(2.9)
Thus,
e e x 2 (ξ 1 ) − a 12 (ξ 1 )
e e x 1 (ξ 1 )
e e x 1 (ξ 1 ) , (2.10) which, together with (2.1), implies that
Combining (2.7) with (2.8), we also have e e x 2 (η 1 )
e e x 1 (η 1 ) 13) it follows from (2.1) and (2.13) that
where H 12 is a fixed constant satisfying
In the same way, we can obtain 
Let H > max{|H 11 |, |H 21 |, |H 12 |, |H 22 |} be a fix constant and define Ω = {x ∈ X : ||x|| < H}.
Then (2.11), (2.14), (2.15) and (2.16) imply that there is no λ ∈ (0, 1) and x ∈ ∂Ω such that e −H dt
e −H+e −H , which yields
This is contradiction and implies that (QN (x)) 1 > 0 for
If (QN (x)) 1 ≥ 0 for x 1 = H, from (2.1), (2.5) and sup It follows from (2.17) and (2.18) that H(x, µ) = (0, 0) T for all x ∈ ∂Ω ∩ kerL. Hence, using the homotopy invariance theorem, we obtain deg{QN, Ω ∩ kerL, (0, 0)
It then follows from the continuation theorem that Lx = N x has a solution
which is an ω-periodic solution to system (2.3). Therefore N * (t) = (N * 1 (t), N * 2 (t)) T = (e x * 1 (t) , e x * 2 (t) ) T is a positive ω-periodic solution of (1.2) and the proof is complete.
Example and Remark
In this section, we give an example to illustrate the results obtained in the previous section.
Example 3.1. Consider the following Nicholson-type delay system with nonlinear densitydependent mortality terms:
e −e 4π+| sin t| N 1 (t−|2+cos t|) + e 4π (1 + sin t 4 )N 1 (t − |2 + sin t|)e −e 4π+| cos t| N 1 (t−|2+sin t|) , N ′ 2 (t) = −(6 + cos t) + (10 + | sin t|)e −N 2 (t) + (2 + sin t) − (1 − | cos t|)e −N 1 (t) + e 4π (1 + sin t 4 )N 2 (t − |2 + sin t|)e −e 4π+| cos t| N 2 (t−|2+sin t|) + e 4π (1 + cos t 4 )N 2 (t − |2 + cos t|)e −e 4π+| sin t| N 2 (t−|2+cos t|) , It is clear that the results in [3, 4, 7, 14, [17] [18] 
